Abstract: This paper presents an overview of summarized data on the distribution, population, trend, ecology (habitat, feeding and breeding) and threats to the peregrine falcon Falco peregrinus (Tunstall, 1771) in Serbia, with special reference to the recent period.
INTRODUCTION
The peregrine falcon Falco peregrinus (Tunstall, 1771) was a rare and insufficiently studied species in Serbia in the past. Only a few data on this species can be found in ornithological reports and articles dating back to the end of the 19 th century and further until 1970s (Dombrovski, 1891 (Dombrovski, , 1895 Rajzer, 1904; Reiser, 1939; Matvejev, 1950 Matvejev, , 1964 Marčetić, 1956 Marčetić, , 1971 Marčetić & Andrejević, 1960; Antal et al., 1969) . This data show that the peregrine falcon was a very rare sedentary and nesting bird mostly occurring in mountainous areas of Serbia. First detailed research on the status and ecology of this species in Serbia were initiated in 1980 within projects on research and conservation of birds of prey and bird fauna in general (Vasić, 1980; Vasić & Grubač 1983; Vasić et al., 1985; Grubač, 1986; Marinković & Grubač, 2000; Grubač & Puzović, 2003; Grubač et al., 2013 Grubač et al., , 2018 . The population began to increase significantly at the end of the 20 th and the beginning of the 21 st century (Marinković & Grubač, 2000; Puzović et al. 2009 ), however it experienced a sharp decline in the recent period (Puzović et al., 2015) .
Bearing in mind the insufficient research and vulnerability of the peregrine falcon in Serbia, the author presents an overview of the distribution, population and trend, ecology (habitats, feeding and some aspects of breeding), threats and problems of protecting this species, which is based on bibliographic and field research, with particular reference to the contemporary period.
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MATERIALS AND METHODS
The basic material for this paper consists of the summarized bibliographic and author's non-published data collected during field research in the period 1980-2018. In addition, numerous non-published data gathered by other ornithologists, as well as associates in the field, were used in this paper. Special emphasis was on the results of recent research on the species state, which were obtained during the project activities: "Survey, monitoring and conservation of peregrine falcon in Serbia", within the program of activities of the Institute for Nature Conservation of Serbia in the period 2014-2018.
Standard ornithological methods (mostly modified transect and observation from various points) were used during the collection of data on the peregrine falcon, which were adapted to this species. In addition, the survey and monitoring of the species was conducted on its well-known and potential breeding sites. The questionnaire for bird watchers, falconers and pigeon keepers was used as an auxiliary or additional method for identifying and collecting data on the threatening factors (especially considering the issue of killing individuals and the mortality of species etc.), as well as for discovering the presence of the species on some previously unknown sites. These data have been critically analyzed and checked.
RESULTS AND DISCUSSION
Distribution, population and trends
The peregrine falcon is widely distributed sedentary bird, the habitat of which ranges from lowlands to high-mountainous areas at the approximate altitudes of 85 to 2500 m. Breeding distribution includes mostly rocky and hilly-mountainous areas of the eastern, south-eastern, central, western and southwestern Serbia, as well as the territory of Kosovo and Metohija in the contemporary period . Furthermore, the presence of species in the breeding period implies a possible sporadic breeding in Vojvodina, which has not been confirmed even though there are indications (Marčetić, 1956; Stojnić, 2001; Stojnić & Puzović, 2008; Sćiban et al., 2015) . Contemporary breeding distribution of the peregrine falcon in Serbia according to the research conducted in the period between 2014 and 2018 has significantly been reduced due to killings. The species population in eastern Serbia remained relatively well-preserved, while in other areas it was mostly reduced.
The peregrine falcon was a very rare species in Serbia in the period from the second half of the 19 th century to the second half of the 20 th century (Matvejev, 1950 (Matvejev, , 1963 Vasić et al., 1985; Grubač, 1986) . According to initial estimates by Marinković & Grubač (2000) the species numbers in the period from 1977 to 1979 was about 40 to 60 pairs, and between 1994 and 1996 it was estimated at 62 to 81 pairs. According to estimates, the species trend exhibited a slight increase. Based on the estimates by Puzović et al. (2003) in the period between 1995 and 2002, the population was between 65 and 80 breeding pairs, and the species trend was assessed as stable. The largest population was estimated at 75-90 pairs at the beginning of the 21 st century (Puzović et al., 2009 ). However, later estimates for the period 2011-2013 showed 51-63 breeding pairs, while the shortterm trend for the period 2000-2013 was assessed as slightly or moderately declining (Puzović et al. 2015) . The total breeding population of the peregrine falcon in Serbia was estimated at about 170 breeding pairs for the period between the second half of the 20 th century to date. The estimates were done on the basis of all known, determined, probable and possible breeding territories or known nesting sites, which were provided in all so far published papers, as well as according to non-published data. According to the latest research conducted in the period between 2014 and 2018, the population was estimated at about 30-50 breeding pairs. The absence of pairs and the presence of only individuals at several well-known breeding territories were determined, which indicated significant changes and population decline. The long-term trend for the period 1998-2018 was estimated as a marked decline, which was as a result of continuous and intense killing by pigeon breeders. However, the research showed no new data on the state of population on the entire territory of Serbia. The current state of the population in Kosovo and Metohija is unknown and estimates are mainly given on the basis of the research conducted in the period from 1980 to 1997. A rather small population of this species in the mentioned period was estimated at about 10-15 pairs, and its trend was probably stable and remained stable.
Ecology -habitat, feeding and breeding
Habitat: In Serbia, the peregrine falcon breeds on cliffs in rocky and hilly-mountainous areas at the approximate altitudes of 200 m to 1700 m (Grubač, 1986; Marinković & Grubač 2000; Grubač & Puzović, 2003; Grubač et al. 2013 Grubač et al. , 2018 . Even though it has not been confirmed, according to the questionnaires filled in by falconers, pigeon keepers and bird watchers, as well as according to some literature data (Marčetić, 1956; Marinković & Grubač, 2000) , it is quite possible that this species breeds in lowland areas, on tall buildings and in the trees of both inhabited and uninhabited areas. In search of prey, this species occurs in various types of habitats, mainly in hilly and mountainous areas on rocks and cliffs, rocky grounds, pastures and forest habitats (at the altitudes of approximately 200 to 2500 m), as well as in human settlements and cities, around aquatic and other habitats in lowlands. 
Feeding:
The main prey of the peregrine falcon in Serbia consists of various birds from the pigeon family, usually Columba livia f. domestica, but also Columba livia and C. palumbus, from the doves family, Streptopelia turtur and S. decaocto, and to a lesser degree from the family of true thrushes Turdus spp., common starlings Sturnus vulgaris, various crows (Eurasian jay Garrulus glandarius, jackdaw Corvus monedula, common magpie Pica pica) and many other bird species (Dombrovski, 1895; Grubač, 1986; Pelle, 1990; Žiljak, 1995) .
Breeding density: Average breeding density of the peregrine falcon population in Serbia in the period 1994-96 was 0.072 breeding pairs per 100 km 2 , while the largest density was in Kosovo and Metohija and southwestern Serbia with 0.205 and 0.175 breeding pairs per 100 km 2 (Marinković & Grubač, 2000) . The largest breeding density of the peregrine falcon was recorded in the area of the National Park Đerdap in eastern Serbia during research conducted in the period from 2010 to 2011, where eight breeding pairs were recorded at approximately 640 km 2 , that is 10 breeding pairs at approximately 1500 km 2 (Grubač et al., 2013) . According to the calculation, in the surroundings of the National Park Đerdap, there was one breeding pair at 80 km 2 , whereas in the wider area one pair was breeding at 150 km 2 . Only 7-8 breeding pairs at an area of 1000 km 2 were recorded on the mountain massif of Prokletije (Kosovo and Metohija) during research conducted in the period from 1994 to 1997 (Grubač & Puzović, 2003) . The calculated breeding density was one pair at approximately 125-142 km 2 . Average breeding density of the total peregrine falcon population in Serbia was estimated at 0.19 breeding pairs at 100 km 2 . Average breeding density of the present population in Serbia was estimated at 0.03-0.05 breeding pairs at 100 km 2 .
Breeding season: According to numerous observations and calculations, the peregrine falcon in Serbia mostly lays eggs in the second part of March or in the beginning of April, and the young leave their nest in the period from the end of May to mid-June, while in rare cases this lasts till the second half of July, probably in case of repeated attempts or late broods (Grubač, 1986) .
Breeding success The peregrine falcon in Serbia has on average 2.3 (varies in range R=1-4) young per successful breeding (N = 53 successful breedings in the period from 1980 to 2018). Productivity was 1.9 young per pair (N = 64 in the period from 1980 to 2018).
Threats and conservation problems
The main threats and conservation issues related to the peregrine falcon in Serbia are killing (various methods of intended killing by firearms, three-way hooks and different traps in order to kill, poison, as well as to kill young in their nests etc.), nest robbing, birds colliding with power lines, wires and different objects, loss and degradation of habitats, disturbance, probably contamination (due to uncontrolled use of pesticides and other toxic and dangerous chemicals) and electrocution.
The killing of the peregrine falcons by pigeon keepers and hunters was very common in Serbia in the past (Rašković, 1905; Dombrovski, 1895; Kuhn, 1898; Marčetić, 1956 Marčetić, , 1971 Marčetić & Andrejević, 1960; Garovnikov, 1988; Vasić & Obratil, 1990; Marinković & Grubač, 2000) . The recent illegal killings of the peregrine falcons and other birds of prey (the saker falcon, northern goshawk, Eurasian sparrowhawk etc.) by pigeon keepers in Serbia have reached alarming proportions and led to the large decline of population numbers of these species, pushing some of them to the brink of extinction.
According to research, at least 163-166 peregrine falcons were killed in Serbia by pigeon keepers in the period 1960-2018, while 22 individuals were killed by hunters. There is also unofficial data on the killing of 10-11 young in their nests by pigeon keepers. Compared to the total number, at least 160 individuals were killed only between 1991 and 2018. The total number of killed birds is probably significantly higher because a large number of killed birds have not been recorded. With its approximately 94% death rate, illegal killing is the most common cause of death of peregrine falcons in Serbia.
Major threat to the peregrine falcon and other birds of prey, and indirectly to other animal species, is the intentional use of poisons and three-way hooks. A specific problem is the detection of these illegal activities in the field, and in particular the perpetrators, because these activities are done very discreetly. The use of poisons implies the lubrication of live pigeons' feathers with poisons or other toxic chemicals (e.g. creosane, carbofuran/furadan). Figure 3 shows a dead immature peregrine falcon that was confirmed to had been poisoned by furadan. The poisoned bird was found in Novi Sad on June 24 th , 2017 (N. Stojnić, pers. com.) . In addition, the placement of three-way hooks on domesticated pigeons by pigeon keepers is one of the common methods used to kill peregrine falcons and other species of birds of prey (Figure 4) .
According to the mentioned questionnaires, nest robbing, that is, stealing young birds or eggs of the peregrine falcon for the purpose of falconry and private collections by foreign and domestic robbers has been a relatively common phenomenon since 1970s. The proportions of current illegal nest robbing and trade in the peregrine falcon in Serbia are unknown, and yet certain number of such cases is evident. This is also associated with illegal killing and capturing by pigeon keepers, since a number of captured live, injured and dead birds are being sold by pigeon keepers for various purposes (falconry, holding in captivity, as well as for private taxidermy collections).
Death or injuries to peregrine falcons due to collisions with various wires and objects are less common. Five such cases were recorded in Serbia. Marčetić & Andrejević (1960) The loss and degradation of habitats and disturbance of the peregrine falcon at their breeding sites in Serbia also represent threats, although no detailed research has been conducted on the proportions and consequences of their effects. Most likely there are cases of contamination of peregrine falcons in food chains, due to excessive use of pesticides and other chemicals in agricultural production and other activities, as well as cases of electrocution, however there is no data to confirm that.
Considering the fact that peregrine falcon is endangered species in Serbia, it is necessary to take urgent measures and activities on species protection
The peregrine falcon Falco peregrinus (Tunstall, 1771) (Grubač et al., 2018) . These would involve the urgent prevention and suppression of poisoning and other methods of killing birds by pigeon keepers and hunters, as well as of nest robbing and disturbing birds in their nests. In addition, a detailed and organized research and monitoring of the state of population and the trend of species, as well as of threatening factors is necessary. If further decline in the population numbers was determined, it would be necessary to establish a center for artificial reproduction in captivity, where injured individuals not capable of independent life in the wild would be used for such a purpose.
Пљачка гнезда (узимање јаја и младунаца) си-вог сокола од стране страних и домаћих крадљи-ваца за потребе соколарства, за музејске збирке, колекциje и у друге сврхе, релативно је честа поја-ва још од 1970-их година. Обим данашње илегал-не пљачке гнезда и трговина сивим соколовима у Србији су непознати, мада је извесно да су ове појаве присутне. Иако у мањем обиму, евиденти-рано је и страдањe сивог сокола услед колизије са разним жицама и објектима. У прилог томе су и забележених пет случајева налетања ове врсте на жице и објекте (Marčetić & Andrejević, 1960) . Међу угрожавајућим факторима су и губитак и дегра-дација станишта и узнемиравање сивог сокола на местима гнежђења у Србији, мада нема података о размерама и последицама дејства ових фактора.
Сиви соко Falco peregrinus (Tunstall, 1771) у Србији
Имајући у виду велику угроженост сивог сокола у Србији, неопходно је да се предузму специјалне ургентне мере и активности зашти-те врсте (Grubač et al., 2018) . Оне подразумевају спречавање и сузбијање тровања и других мето-да убијања птица од стране одгајивача голубова и ловаца, пљачке гнезда и узнемиравања птица на гнездима. Такође, неопходно је детаљно и ор-ганизовано истраживање и праћење стања по-пулације и тренда врсте, као и сузбијање угро-жавајућих фактора. Уколико се утврди даљи пад бројности популације неопходно је да се форми-ра центар за вештачко размножавање у заточе-ништву коришћењем пронађених и збринутих рањених и повређених јединки које нису способне за самосталан живот у дивљини.
